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57 ABSTRACT 

A DNA sequence (-426 to +28 base pairs) cloned from the 
probasin (PB) gene promoter region confers androgen regu 
lation in cell culture and prostate specific expression in 
transgenic non-human eukaryotic animals. Various PB pro 
moter fragments impart preferential regulation by androgens 
compared to other steroid hormones on fused transgenes. 
Alteration of the DNA sequences and/or combinations per 
mits production of an (1) assay for androgenic or anti 
androgenic materials, (2) transgenic non-human eukaryotic 
animal models for prostatic disease, (3) cell culture models 
for prostatic disease, and (4) treatment of human benign 
prostatic hyperplasia and human prostate cancer by gene 
therapy. This invention permits assays on agonist and 
antagonist of the androgen receptor or pathways that result 
in androgen action, testing materials for carcinogenicity of 
the prostate, testing drugs and gene therapy, or protection 
potential of materials on prostatic cells against prostatic 
disease. 

17 Claims, 5 Drawing Sheets 
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ANDROGEN REGULATION WITH DNA 
SEQUENCES OF RAT PROBASINGENE 

CONTINUING DATA 

This application is a national stage application of PCT 
CA93/00319, filed Aug. 9, 1993 and claims priority under 35 
USC 119 to GB 92.16851.7, filed Aug. 7, 1992. 

FIELD OF THE INVENTION 

The present invention is concerned with a novel DNA 
molecule and fragments thereof, which permits production 
of an (1) assay for androgenic or anti-androgenic materials, 
(2) transgenic non-human eukaryotic animals models for 
prostatic disease. (3) cell culture models for prostatic 
disease, and (4) treatment of human benign prostatic hyper 
plasia and human prostate cancer by gene therapy. This 
invention permits assays on agonist and antagonist of the 
androgen receptor or pathways that result in androgen 
action, testing materials for carcinogenicity on the prostate, 
testing drugs and gene therapy, or protection potential of 
materials on prostatic cells against prostatic disease. 

BACKGROUND OF THE INVENTION 
Androgen Activity 
A clinical need to assay the function of the androgen 

receptor (AR) occurs when defects appear in the pathway of 
androgen action. For example, mutations in the AR affect the 
bioactivity of the receptor in Androgen Insensitivity 
Syndrome, AIS. (Kazemi-Esfarjani et al., 1993; Brinkmann 
et al., 1991; Brinkmann et al., 1992a: Brinkmann et al., 
1992b; De Bellis et al., 1992; French et al., 1990; Imperato 
McGinley et al., 1990; Lubahn et al., 1989; Quigley et al., 
1992; Ris-Stalpers et al., 1990; Ris-Stalpers et al., 1991; 
Simental et al., 1992) or testicular feminized animals 
(Yarbrough et al., 1990; He et al., 1991), Kennedy Syndrome 
(La Spada et al., 1991), prostate cancer (Newmark et al., 
1992; Brinkmann et al., 1991; Veldscholte et al., 1992b; 
Weldscholte et al., 1992a: Veldscholte et al., 1990) and breast 
cancer (Wooster et al., 1992). Besides mutations directly in 
the receptor, defects can occur in the non-androgenic mecha 
nism for steroid receptor activation as has been reported for 
steroid receptors (Power et al., 1991; Shemshedini et al., 
1992; Kuiper et al., 1993). An assay that would measure the 
extent of these defects would also provide a tool to test new 
materials that may activate the defective receptor and form 
the basis of a therapy. 
Androgen receptors are members of a nuclear receptor 

superfamily which are believed to function primarily as 
transcription factors that regulate gene activity through 
binding specific DNA sequences to hormone responsive 
elements (HRE) and associated factors (Allan et al., 1991; 
Smith et al., 1993; Evans, 1988; Beato, 1989). In general, 
these HREs can be grouped into two categories of inverted 
repeat consensus sequences: the TGACC motif that medi 
ates estrogen, retinoic acid, and thyroid hormone responses 
(Klein-Hitpass et al., 1986; Umesono et al., 1988); and the 
TGTTCT sequence that confers regulation by 
glucocorticoids, progestins and androgens (Scheidereit et 
al., 1986: Shrahle et al., 1987; Ham et al., 1988). The 
inclusion of the androgen receptor responsive element 
(ARE) in this latter group is based largely on observed 
binding of androgen receptors to the glucocorticoid respon 
sive element (GRE) of mouse mammary tumor virus 
(MMTV) DNA(Hamet al., 1988;Roche et al., 1992; Darbre 
et al., 1986; Cato et al., 1987) and the tyrosine aminotrans 
ferase (TAT) gene (Denison et al., 1989). 
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Androgen regulation of the C3(1) gene which encodes a 

polypeptide component of prostatic steroid-binding protein 
has been investigated (Heyns et al., 1978; Hurst et al., 1983; 
Parker et al., 1988; Parker et al., 1980). Although sequences 
within both the promoter region and first intron of the C3(1) 
gene have high affinity binding for androgen receptors 
(Perry et al., 1985; Claessens et al., 1993; De Vos et al., 
1991; Rushmere et al., 1990), attempts to use these 
sequences to confer androgenregulation on a homologous or 
heterologous promoter-reporter system have met with lim 
ited success (Parker et al., 1985; Parker et al.. 1988); with 
only a weak androgen induction seen with these genomic 
fragments (Claessens et al., 1993; Tan et al., 1992; De Vos 
et al., 1991; Rushmere et al., 1990; Claessens et al., 1990b; 
Claessens et al., 1990a; Claessens et al., 1989b; Claessens et 
al., 1989a). Recently, DNase Ifootprinting experiments have 
shown that the DNA-binding domain of the androgen recep 
tor binds to a glucocorticoid responsive element (GRE) 
present in this intronic fragment (De Vos et al., 1991; 
Claessens et al., 1993). The occurrence of a complete GRE 
in this gene is consistent with the observed effects of 
glucocorticoids on the expression of the C1 component of 
prostatic binding protein (Rennie et al., 1989). The human 
prostate specific antigen (PSA) gene is androgen regulated 
in human prostate tumors and in cell culture (Riegman et al., 
1991; Montgomery et al., 1992;Young et al.. 1992; Murphy 
et al., 1992; Armbruster, 1993). Construction of the PSA 
DNA promoter reveal a GRE-like sequence that responds to 
androgens (Riegman et al., 1991). The Slp gene demon 
strates specific androgen regulation via GRE-like sequences 
(Adler et al., 1992; Adler et al., 1991). Other androgen 
regulated genes from the prostate have been cloned, such as 
the SVS II (Dodd et al., 1983; Dodd et al., 1986; Harris et 
al., 1990). 20 kDa protein (Ho et al., 1989), and DP1 (Ho et 
al., 1992), but the androgen regulatory sequences have not 
been identified. 
Transgenic animals 
The introduction of a gene into the germline at the one cell 

or early embryonic stage produces a transgenic animal 
which will contain and pass on the gene to its offspring. 
Tissue specific expression of a gene can be restricted by 
tissue specific elements with the DNA. Success with pros 
tate specific expression of transgenes has been limited and 
often not restricted to the prostate. For example, the com 
plete rat C3(1) gene including 4.3 kb of 5'-flanking sequence 
and 2.2 kb of 3'-flanking sequence will give prostate specific 
expression in transgenic mice (Allison et al., 1989). but 
using only the 6 kb of 5'-flanking C3(1) resulted in trans 
genic lines that targeted to the prostate, seminal vesicles, and 
testis (Buttyan et al., 1993). MMTV coupled to int-2 pro 
duced a transgenic mouse line that developed prostatic 
epithelial cell hyperplasia that was androgen regulated but 
the males are sterile (Muller et al., 1990; Leder, 1990; 
Tutrone et al., 1993). Various males in different lines, in 
addition to expressing the transgene in the prostate, also 
expressed the int-2 gene in the seminal vesicles, was 
deferens, salivary gland while the females expressed the 
gene in the mammary gland and developed mammary hyper 
plasia (Leder, 1990). However, targeting with MMTV can 
lead to expression in the testis resulting in sterility (Lucchini 
et al., 1992). Using the gp91-phox gene promoter (a gene not 
normally expressed in the prostate) linked to the early region 
of SV40 virus, lesions in the prostate defined as neuroblas 
tomas were created (Skalnik et al., 1991). 
Any gene targeted to the prostate in transgenic animals 

may alter prostatic growth and function. Oncogenes and 
tumor suppressor genes (Fleming et al., 1986; Matusiket al., 
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1987: Dodd et al., 1990; Hockenbery, 1992; Buttyan et al., 
1993; Carter et al., 1990a; Carter et al., 1990b;Tutrone et al. 
1993; Bookstein et al., 1993; Thompson et al., 1993; Peehl. 
1993; Dodd et al., 1993; McNicol et al., 1991; McNicol et 
al., 1990a; McNicolet al., 1990b) as well as growth factors 
(Morris et al., 1990; Ichikawa et al., 1992; Isaacs et al. 
1991a; Isaacs et al., 1991b; Carter et al., 1990a; Pienta et al., 
1991; Morton et al., 1990) implicated in the development of 
prostatic hyperplasia or cancer are likely starting points. In 
addition, genes such as the large T antigen, which success 
fully induce cancer in endocrine glands when targeted in 
transgenic animals, are suitable candidates (Anonymous. 
1991; Stefaneanu et al., 1992; Hanahan, 1986; Rindi et al., 
1991; Hamaguchi et al., 1990). 
Transgenic animals that express the transgene in a tissue 

or non-tissue specific can result in new models. For 
example. non-tissue specific expression can result in dis 
eased states in a number of tissues while tissue specific 
expression of targeted genes can lead to disease states in 
targeted organs as follows: cancer models (Burck et al. 
1988; Yamamura, 1989; Folkman et al., 1989; Reynolds et 
al., 1988; Anonymous, 1992; Bautch, 1989;Hanahan, 1986; 
Lucchini et al., 1992; Anonymous, 1988); mammary adeno 
carcinoma (Muller et al., 1988; Muller, 1991; Pawson, 1987; 
Callahan et al., 1989; Muller, 1991; Strange et al.. 1990); 
hyperplasia and dysplasia (Mayo et al., 1988; Borrelli et al. 
1992: Eva et al., 1991; Lin et al., 1992; Matsui et al., 1990); 
neuroblastomas (Dalemans et al., 1990); liver cancer (Butel 
et al., 1990; Dubois et al.. 1991; Sandgren et al., 1993; 
Sandgren et al., 1989); gonadal tumors (Schechter et al. 
1992; Matzuk et al., 1992); thymic mesenchymal tumors 
(Sinkovics, 1991); and leukaemia (Knight et al., 1988; 
Adams et al., 1985). Further, targeted genes may function to 
accelerate tumor formation by conferring susceptibility to 
transformation by factors or carcinogens (Langdon et al. 
1989; Breuer et al., 1989; Mougneau et al., 1989). 
Promoters, such as metallothionein (MT), often lead to 
general expression in many organs (Dyer et al., 1989; 
Iwamoto et al., 1991) while the MMTV promoter limits 
expression to endocrine target tissues due to its HRE (Ham 
et al., 1988; Roche et al., 1992; Darbre et al., 1986; Cato et 
al., 1987). Even using a general promoter can lead to specific 
effects if the factor expressed targets a specific tissue, i.e. 
MT-growth hormone releasing factor (Mayo et al., 1988) or 
ectopic nerve growth factor (Borrelli et al., 1992) lead to 
pituitary hyperplasia in transgenic mice. 
Gene therapy 
The treatment of human disease or disease in non-human 

eukaryotic animals by gene therapy started with the goal to 
correct single-gene inherited defects. Advances have 
expanded that goal to include the treatment of acquired 
diseases, such as cancers (Davies, 1993; Anderson. 1992; 
Mulligan, 1993; Culotta, 1993; Felgner, 1993; Tolstoshev et 
al., 1993). Approved clinical trials are presenting encourag 
ing results. The practical problem has been the development 
of efficient and specific approaches that will transfer and 
express a gene within the correct cell type. The approaches 
can be classed as viral and nonviral methods to transfer 
genes. Some of the therapeutic approaches transfer the 
gene(s) to patient cells which have been cultured and then 
returned to the same individual (Fenjves et al., 1989). Others 
attempt direct transfer of the gene to the human tissue. For 
example, a DNA complex with liposomes can be delivered 
to the airway and correct the cystic fibrosis defect in 
transgenic mice (Hyde et al., 1993). Direct gene transfer by 
DNA: cationic liposomes into adult mice demonstrates 
efficient transfer and expression occurs in most organs (Zhu 
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4 
et al., 1993). If the gene is stably integrated, then the defect 
may be corrected while. if the gene was transiently 
expressed, then a relief in the disease would likely be 
transient. However, in cases, such as cancer, where the goal 
is to kill the cancerous cell, transient expression would be 
sufficient if the expressed gene is toxic (Short et al., 1990; 
Culver et al., 1992). Approaches may include expressing 
tumor suppressor genes (Friedmann, 1992) or genes to 
inhibit expressed oncogenes (Mukhopadhyay et al., 1991). 

SUMMARY OF THE INVENTION 

In one aspect, the present invention provides an isolated 
DNA molecule comprising a 5'-flanking region of the rat 
probasin gene and containing at least one androgen respon 
sive element, preferably two such elements. The DNA 
molecule preferably has the sequence shown in FIG. 1 (SEQ 
ID NO: 1) or one which hybridizes thereto under stringent 
conditions (SEQ ID NO: 2 shows the derived amino acids 
for the amino acid coding portion of the DNA molecule). 

In another aspect of the invention, there is provided an 
isolated DNA molecule comprising an androgen responsive 
element of the rat probasin gene or a mutation thereof 
retaining androgen activity, preferably, the DNA sequence 
comprises nucleotides -241 to -223 and/or nucleotides 
-140 to -117, as seen in FIG. 1, or a mutation thereof 
retaining androgen activity. In one embodiment, nucleotides 
-130 to -127 are replaced by nucleotides TACT (SEQ ID 
NO:3) or GTCT (SEQID NO: 4). 
The present invention includes not only the isolated and 

purified PB nucleotide sequences but also includes (1) an 
assay for androgenic or anti-androgenic materials, (2) trans 
genic non-human eukaryotic animals models for prostatic 
disease, (3) cell culture models for prostatic disease. (4) 
treatment of human benign prostatic hyperplasia and human 
prostate cancer employing such DNA sequences. The 
present invention permits assays on agonist and antagonist 
of the androgen receptor or pathways that result in androgen 
action, testing materials for carcinogenicity on the prostate, 
testing drugs and gene therapy, and protection potential of 
materials on prostatic cells against prostatic disease. 

First, the Figures and Tables will be described. Unless 
otherwise stated, all bioassays of PB constructs are per 
formed in PC-3 cells with the cotransfection of the appro 
priate steroid receptor expression vector (Rennie et al., 
1993; Kazemi-Esfarjani et al., 1993). 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows the PB rat genomic sequence from -426 to 
+28bp (SEQID NO: 1). The start of transcription is shown 
as v with the number starting immediately after as +1. All 
negative numbering is relative to the start site of transcrip 
tion. Sequences beyond +28 define additional leader 
sequences and amino acid sequence of the first exon for PB. 
By sequence homology, the GRE-like sequence (ARE-1), 
CAAT box (SEQID NO:5), and TATAAbox (SEQID NO: 
6) are underlined. 

FIG. 2 shows the deletion mapping of PB 5'-flanking 
sequences (-426, -346. -307. -286, -244, -235, -157 bp) 
in PB-CAT, co-transfected in PC-3 cells with AR or rCR 
expression vectors plus DHT (solid circles) or DEX (solid 
triangles), respectively. Activity of CAT with the rAR (open 
circles) or rCR (open triangles) expression vector without 
hormone addition served as the baseline (lower panel). 

FIG. 3 shows the CAT activity of wild type (wt) AREs 
(ovals) in -244 PB-CAT compared to single base mutation 
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(hatched ovals) in either ARE-1 (mut 1) or ARE-2 (mut 2). 
Activities are shown as fold induction from baseline for 
DHT and DEX with their respective steroid receptor in PC-3 
cells. 

FIG. 4 shows the bioassay of wild type human AR 
compared to when valine-865 is substituted by methionine 
(V865M) or leucine (V865L) which results in complete or 
partial AIS, respectively. 

BRIEF DESCRIPTION OF TABLES 

Table I shows the hormonal induction of PB-CAT in HeLa 
and PC-3 cells with DHT, DEX, and progestin. 
Table II shows that the specific/tight AR binding is 

dependent upon both ARE sites as well as adjacent DNA 
sequences. 

Table III shows that the bioactivity and specificity for AR 
is dependent upon both AREs as well as adjacent DNA 
sequences. 

Table IV shows the bioactivity of -286 PB-ARE2*CAT 
compared for wild type-286 PB-CAT for wild type AR and 
when valine-865 is substituted by methionine or leucine in 
AIS. 

Table V shows the bioassay effect on androgen induction 
when repeats -244 to -96 adjacent to TK-Luc. 

Table VI shows the sensitivity increase to very low levels 
of androgen compared to the glucocorticoid DEX when the 
repeat n=3. 

Table VII shows the sensitivity increase of repeat n=3 to 
detect differences in the wild type human AR from AIS 
samples. 
Table VIII shows the high PB-CAT activity in the pros 

tatic lobes of transgenic line #4248. 
Table DX shows PB-CAT transgenic line #4248 expression 

in the mouse compared the endogenous rat PB gene. Expres 
sion in lateral lobe is taken as 100% and all other expression 
is compared relative to this value. 

Table X shows the PB-CAT transgenic line #4248 expres 
sion after castration and androgen or glucocorticoid replace 
net. 

DESCRIPTION OF THE PREFERRED 
EMBODMENTS 

1) Assay for Androgenic or Anti-Androgenic Materials. 
The inventor has isolated and sequenced (FIG. 1) the 

5'-flanking DNA of the rat probasin (PB) gene which is 
expressed specifically in the prostatic lobes and detectable in 
the seminal vesicles (Matusik et al., 1986). The probasin 
gene codes for a secreted and nuclear protein (Spence et al., 
1989), which is androgen regulated in vivo and in vitro 
(Dodd et al., 1983; Rennie et al., 1993). 

Isolation of Genomic Probasin Clone 

To isolate the 5'-flanking DNA of the PB gene, pM-40 
(Dodd et al., 1983), a cDNA clone which contains the 
complete coding region for PB (Spence et al., 1989), was 
used to Screen a rat genomic library. Four positive clones 
were initially isolated and found to be identical after restric 
tion and hybridization analysis. After subcloning into 
pUC119, the genomic clones were bidirectionally 
sequenced. The sequence of the 5'-flanking DNA of PB 
between -426 to +28 base pair (bp) is shown in FIG. 1. The 
5' boundary of exon 1 was defined by both primer extension 
and S1 nuclease mapping (Spence et al., 1989). A major 
transcription start site (position 0) is followed four bp 
downstream by a minor start site. The canonical CAAT and 
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6 
TATAA boxes are underlined in FIG. 1 and located at -48 
and-27 respectively. Four similar CAAT boxes are found at 
-101, -95, -82, and -75. 

DNase I Footprinting Analysis 
The DNase I footprinting was performed essentially as 

described (Von der Ahe et al., 1993; Rennie et al., 1993). 
Proteins (10 ng to 18 g) were incubated with 20,000 cpm 
of the labelled DNA in 100 ul of DNA binding buffer for 30 
min at 20° C. After adjusting the samples to 4 mM MgCl 
and 2.5 CaCl mM, 5 ng of DNase I was added and allowed 
to digest the DNA for 2 minutes at 20° C. The reaction was 
stopped by adding 100 ul of stop buffer (0.25% SDS, 0.3M 
EGTA, and 500 g/ml of proteinase K) and incubated for 1 
hour at 37° C. The samples were extracted with phenol 
chloroform; precipitated with 0.2M sodium acetate, 85 
ug/ml carrier tRNA, and 2 volumes of ethanol; redissolved 
in 3 pil of formamide dye solution. After heating at 70° C. for 
10 minutes and rapid cooling on ice, the samples were 
loaded, together with an A+G Maxam-Gilbert sequencing 
reaction to obtain a purine ladder, on 7% polyacrylamide/ 
urea gels (acrylamide:bis, 30:1) and run (Rennie et al. 
1993). The gels were dried and set up for autoradiography. 
The androgen response elements (ARE) are located at 

-241 to -223 (ARE-1) and -140 to -117 (ARE-2). The 
sequence of ARE-1 and ARE-2 in the 5'-flanking PB DNA 
were determined using DNase I footprinting assays with 
peptides containing the DNA-binding domain of the andro 
gen receptor and later bioassay of the functional domains. 
The DNA- and steroid-binding domains of the rat androgen 
receptor (GSTAR1) and the DNA-binding domain and 
hinge region alone (GSTAR2) were expressed in E. coli as 
fusion proteins with glutathione-S-transferase and purified 
using glutathione affinity chromatography (Rennie et al., 
1993). Both GST-AR1 and GSTAR2 gave qualitatively 
similar DNase I footprinting patterns revealing two binding 
sites: one between positions -236 and -223 (by 5'-deletion 
mapping, the DNA bases extending to -244 were found to 
be necessary for bioactivity); and the other between -140 
and -117 (ARE-2). Both androgen receptor binding sites are 
similar to glucocorticoid responsive elements (GRE) with a 
conserved 5'GTTCT (SEQID NO:9), synthetic ARE oligo 
mers were much more efficient competitors in band shift for 
binding to probasin DNA than those corresponding to the 
glucocorticoid (GRE; weak competitor) or estrogen (ERE; 
inactive competitor) responsive elements (Rennie et al., 
1993). Further, by homology to the GRE, the PBARE-1 was 
defined as -241 to -223 (ATAGCATCTTGTTCTTAGT 
SEQ ID NO; 7) whereas ARE-2 encompasses GRE like 
sequences in -140 to - 117 
(GTAAAGTACTCCAAGAACCTATTT-SEQ ID NO: 8). 

Construction of Chimeric CAT Gene 

The plasmid, pPH 1.4, containing the PB 5'-flanking 
sequence beginning at the Hind III site (-426 bp), exon 1. 
and part of intron A ending at the Pst I site (Rennie et al., 
1993), was digested with Sac I to remove the coding region 
of exon 1 and intron A. The Sac site was blunt-ended with 
Klenow DNA polymerase and ligated to a Bam H. linker. 
After transformation into E. coli and screening for appro 
priate clones, the plasmid pBH500 in the vector pu119 was 
obtained. The PB-CAT chimeric gene was constructed by 
inserting the bacterial chloramphenicol acetyl transferase 
(CAT) gene, prepared from a Bam HIVBgl II digestion of 
p-109TK (Cattini et al., 1986), into the Bam H.I site of 
pBH500, creating the -426 to +28 PB sequences adjacent to 
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CAT. This construct also contains the SV40 sequences 
which provide a 3' intron and polyadenylation and cleavage 
signals. After transformation into E. coli and screening. 
suitable clones containing the plasmid designated as -426 
PB-CAT were isolated. Deletions of -426 PB-CAT were 
prepared from a Hind III digest followed by a time course 
treatment with Bal 31 exonuclease (15, 30, 45, 60, and 75 
seconds). The Hind III site was reconstituted by ligation to 
Hind II linkers. After transformation into E. coli, clones 
containing deletion mutants were screened and their plasmid 
DNAs digested with Hind III and Eco RI to determine 
fragment sizes by electrophoresis in 1.5% agarose gels. A 
range of deletion mutants was picked as a result of this 
enzyme digestion size screening. The original clones were 
then double digested with Hind III and Bam HI, and the 
insert isolated after electrophoresis in low melting point 
agarose gels. Subsequently, the Hind In/Bam HIfragments 
were subcloned into the Hind II and Bam H.I sites of an 
undeleted puC119 plasmid vector. The amount of PB bp in 
each construct (FIG. 2) is labelled with a negative and/or 
positive number from the sequence depicted in FIG. 1. The 
nucleotide sequences of the construct were confirmed by 
dideoxy sequencing. 

Further PB-CAT chimeric constructs were made by 
replacing the endogenous PB promoter with the TK gene 
promoter. The PB fragments were obtained by the appro 
priate restriction enzyme digest. One construct was made by 
PCR amplifying the -244 to -96 region using one primer 
containing a Hind III site at the 5' end and the other primer 
containing an Xba I site at the 3' end (Rennie et al.. 1993). 
This polymerase chain reaction (PCR) amplified fragment 
was forced orientation subcloned into Hind III/Xba I 
TKCAT. generating the chimeric plasmid -243-96PB 
TKCAT. Mutations were made using Muta-Gene Phagmid 
in vitro mutagenesis kit (Bio-Rad, Mississauga, Ontario, 
Canada). The nucleotide sequences of all constructs were 
confirmed by dideoxy sequencing. 

Cell Culture and Transfections 

HeLa cells were plated at an initial density of 2x10/100 
mm dish in Dulbecco's Modified Eagle's Medium (DMEM) 
supplemented with 10% fetal calf serum (FCS) or 5% FCS 
and 5% calf serum. The PC-3 cells were plated at an initial 
density of 8x10/100 mm dish in Minimal Essential Media 
(MEM) supplemented with 10% FCS. Transient transfection 
of the HeLa cells with plasmid DNA was performed using 
a calcium phosphate/DNA precipitation method (Cattini et 
al., 1986). The cells were treated with 20% glycerol/DMEM 
for 2 minutes at 6 hours post-transfection and were subse 
quently grown in DMEM plus 1% charcoal stripped FCS 
(STR-FCS) with or without dihydrotestosterone (DHT), or 
dexamethasone (DEX) for 24 or 40 hours before cells were 
harvested. Transient transfection of PC-3 were performed as 
outlined for HeLa cells except that the PC-3 cells were 
grown in MEM plus 5% STR-FCS. 

CAT Assays 
Cells which had undergone transient transfection were 

harvested in phosphate buffered saline containing 1 mM 
EDTA. After centrifugation at 2000xg for 4 min at room 
temperature, cells were lysed in 0.1M Tris-HCl/0.1% Triton 
X-100, pH 7.8 for 15 min on ice. Insoluble material was 
removed by centrifugation at 14.500Xg. 15 minutes, at 4°C. 
The CAT activity in the cell extract was determined by a 
two-phase fluor diffusion assay (Nachtigal et al.. 1989). 
Also, the DNA was isolated from the insoluble material and 
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2 ug samples were placed in duplicate on nitrocellulose 
membrane via slot-blot apparatus and probed with P 
labelled CAT insert DNA. Autoradiograms were analyzed 
by densitometry and all CAT activity data was normalized 
for transfection efficiency. For transgenic mice, a total 
cellular extract of each tissue was assayed for CAT activity. 

Characterization of the Mechanism of Androgen 
Action 

The PB DNA sequence comprising nucleotides -426 to 
+28 (FIG. 1) contains the necessary information to obtain 
androgen regulation, as defined below. The PB-CAT 
constructs, deletions, and mutations therein, were used to 
determine the functional significance of ARE-1 and ARE-2. 

Due to the lack of appropriate cell lines containing either 
androgen receptors and/or prostatic in origin, a range of cell 
lines was tested. The human prostatic cells LNCaP would 
express and androgen regulate PB-CAT while HeLa pros 
tatic DU-145 and PC-3 cells required co-transfection of an 
androgen receptor expression vector for androgen regula 
tion. The PC-3 human prostatic carcinoma line transiently 
transfected with the hybrid PB-CAT, co-transfected with the 
rat androgen receptor expression vector was the standard 
assay using dihydrotestosterone (DHT) or R1881 (a syn 
thetic androgen). Dexamethasone (DEX), a synthetic glu 
cocorticoid was studied by cotransfecting PC-3 cells with an 
expression vector for glucocorticoid receptor (GR). 
A series of 5'-deletions of PB-CAT DNA were constructed 

and transfected into PC-3 cells. Deletion of the PB 
5'-flanking DNA between 31 426 and -286 resulted in a net 
increase in androgen inducible CAT activity (FIG. 2). A 
similar observation was made with cells transfected with GR 
expression vector and treated with DEX (FIG. 2). The 
increased activity up to deletion-286 implies that there was 
a cis-acting silencer upstream. At -286 PB-CAT, the abso 
lute net level of androgen-induced CAT activity (4605 
dpm/min/mg protein) as well as a 42-fold increase from 
basal was higher than the net activity (496 dpm/min/mg 
protein) and 29-fold induction seen with DEX. At a further 
deletion to position -244. steroid induction of CAT activity 
was reduced. Progesterone treatment with cotransfection of 
the chicken progesterone expression vectors show little 
activity on -286PB-CAT. The PB AREs preferentially 
respond to androgens as compared to glucocorticoids and 
poorly to progestins in both PC-3 and HeLa cells (Table I) 
which indicates that the PBAREs function as a distinct 
androgen responsive element rather that as a GRE which is 
permissive for androgen receptor. 

Further analysis of the 5' and 3' PB flanking regions 
demonstrates that the two cis-acting DNA elements which 
bind the androgen receptor, ARE-1 and ARE-2 are both 
required for androgen induced CAT activity (Rennie et al., 
1993). This was demonstrated by making a mutation in 
ARE-1, at base-231 (G) being changed to A (Mut 1) or 
within ARE-2, at base -123 (C) being changed to an A (Mut 
2) (FIG. 3). Our data also indicates that preferential andro 
gen action requires not only a specific/tight AR binding to 
the two sites but also interactions with adjacent DNA 
sequences and proteins. This further mediates cooperativity 
between AR binding and leads to preferential induction by 
AR. The two AREsites function in a cooperative manner for 
the binding of AR (Table II). AR binds at high affinity when 
both ARE-1 and ARE-2 are present with the endogenous PB 
promoter (-286 to +28 bp) as demonstrated by the footprint 
which occurs at 60 ng of synthetic GSTAR2. Removal of 
either ARE-1 (-157 to +28bp) or ARE-2 (-426 to -134 bp) 
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reduces binding of GSTAR2 to the remaining site (Table II). 
Single base mutations in ARE-1 (Mut 1) or ARE-2 (Mut-2) 
reduce steroid induced CAT bioactivity by >95% (FIG. 3) 
and reduce binding of the GSTAR2 to both AREs (Table II). 
These two sites require flanking DNA sequences to confer 
preferential androgen regulation since removal of the endog 
enous PB promoter (replacing it with thymidine kinase 
promoter, TK) results in constructs that bind AR only at 
higher concentrations (Table II) and now are equally induc 
ible by the synthetic glucocorticoid, DEX (Table III). Also, 
by removing the DNA sequence between ARE-1 and ARE-2 
(construct contains ARE-1 placed adjacent to PB position 
-158bp which contains the endogenous PB promoter), we 
see that DEX becomes a potent stimulus to induce CAT 
activity 21-fold which is similar to DHT induction of 16-fold 
(Table III). 
We have demonstrated the utility of the AREs in the 

-286PB-CAT gene as a bioassay for defective androgen 
receptor seen in Androgen Insensitivity Syndrome (FIG. 4) 
(Kazemi-Esfarjani et al., 1993). Differences between the 
wild type AR and AIS ARs are best recorded a lower 
concentrations of androgens (1 nM or less) while at high 
concentrations (10 nM), the wild type AR and V865L show 
similar response. Our assay also will measure the potency of 
an anti-androgen material when it is added to compete any 
androgenic activity. To increase the sensitivity and specific 
ity of the bioassay, two additional improvements have been 
made. 

1) -286 PB-ARE2*CAT: The sequence within ARE-2 
was changed by substitution of four bases at -130 to -127 
from CCAA with -130 to -127 TACT (SEQDD NO. 3) or 
GTCT (SEQ ID NO. 4) resulting in ARE2 (see FIG. 1). 
These constructs shows an increased response to androgens 
such that the change gave 100-fold induction compared to 
wild type -286PB-CAT which gave 36-fold induction. 
Further, this ARE2 showed an increased response for DEX 
of 19-fold compared to wild type-286PB-CAT which gave 
9.6-fold. The -286 PB-ARE2*CAT also demonstrated that 
androgen specificity can be separated further from the 
glucocorticoid inducible effect resulting in enhanced bioac 
tivity and increased sensitivity. For example, androgens plus 
androgen receptor or plus defective androgen receptor as 
found in AIS show a greater difference with ARE2 con 
structs when compared to the wild type -286 PB-CAT 
(Table IV). 

2) (-244-96)nPB-TK Although DHT and DEX function 
equally well and androgen specificity is lost with the 
replacement of PB promoter region (-96/+28) by TK(either 
-109 bp or -81 bp TK), the gain in the bioassay has been 
that the TK promoter functions in all cells tested. In order to 
regain androgen specificity while keeping the TK promoter, 
the -244-96 has been arranged 5' to 3' as repeats adjacent 
to -109 or -81. TK where both TK promoters function 
equally well for induction by steroids but the -81. TK starts 
with a very low basal activity. The CAT gene when replaced 
by the Luciferase (Luc) reporter increases the sensitivity of 
the assay (De Wet et al., 1987). The constructs are (-244/ 
-96)nPB-81TKLuc where n equal the number of repeats. 
When n=2 or n=3, a potent androgen response is obtained 
with only a small increase as n increases further when 5g 
of DNA construct is transfected (Table V). These constructs 
show increased sensitivity to measuring the activity of the 
androgen receptor, of androgens at very low concentrations 
(Table VI), and of defects in the AR as seen in AIS (Table 
VII). 
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Routinely, three repeats (-244-96 PB) give a >300-fold 

induction in response to androgens (Table VI and VTI) and 
show specificity for androgens over DEX at very low 
concentrations of steroids while at high concentrations of 
steroids, both DHT and DEX show equal activity (Table VI). 
This indicates the assay is not limited to androgens but also 
can measure other steroid activities at higher concentrations 
of these steroids (>1 nM). A combination of either four base 
change described for ARE2* in each repeat of -244-96 PB 
will further increase the sensitivity to steroids. 
2) Transgenic non-human eukaryotic animal models for 
prostatic disease 

In order to establish new animals models for prostatic 
carcinogenesis and benign prostatic hyperplasia. the PB 
sequence (FIG. 1) can be used to target any gene to the 
prostate. We have proven that the PB 5'-flanking region 
contains the necessary sequences for prostatic targeting in 
transgenic mice by demonstrating that PB will direct pros 
tate specific expression of the bacterial CAT gene 
(Greenberg et al., 1992a; Greenberg et al., 1992b; Greenberg 
et al., 1993; Greenberg et al., 1993). Prostate specific 
expression and androgen regulation in transgenic animals of 
the PB targeted gene is described. 

In vivo studies have demonstrated that the PB promoter 
targets prostate-specific expression in transgenic mice. 
Using the -426/+28 PB-CAT construct as the transgene, 5 of 
21 pups born following microinjection were identified by 
PCR as carrying the PB-CAT transgene (4 males. 1 female). 
Lines were established with the founder transgenic mice and 
were shown to transmit the same pattern of PB-CAT expres 
sion to the prostate of subsequent generations. Three of the 
male transgenic lines showed prostate-specific CAT expres 
sion while no CAT activity was detected in any tissue of one 
male and the female. Transgenic line #4248 (Table VIII) 
shows a high level of CAT activity in the prostate while line 
#4217 shows the lowest level but the same prostate-specific 
expression of CAT activity. The third male had intermediate 
CAT levels. The variability in the level of transgenic CAT 
expression among lines, including the lack of expression in 
one male founder, may be due to the site of transgene 
integration. Further characterization of the highly expression 
transgenic line (4248) demonstrates extremely high CAT 
activity in the lateral lobe (Using only 5 ug of tissue extract 
results in 21% of the substrate being acetylated, while at the 
usual 25 ug of extract, 89% of the substrate is acetylated). 
The fact that the PB gene's promoter functions so well is 
consistent with the high level of expression of the endog 
enous PB gene in the lateral prostate (8% of the total 
mRNA). The male accessory organ distribution of CAT 
activity in the transgenic mouse (true of all three lines, line 
#4248 in Table DX) closely parallels the endogenous rat PB 
mRNA levels reported (Matusiket al., 1986). Further, the in 
situ hybridization and immunohistochemistry of CAT reveal 
that the PBCAT gene is expressed in the same epithelial cells 
that was reported for PB mRNA and protein (Spence et al., 
1989; Sweetland et al., 1988). 

Further, the PBCAT gene demonstrates developmental 
and androgen regulation of expression. By 7 weeks of age in 
3 males of 5 founders mice (4 males, 1 female), the CAT 
gene was preferentially expressed in the lateral, dorsal, and 
ventral prostate. Again as the animals age (to 23 week old). 
only low levels were detected in the anterior prostate and 
seminal vesicles and no CAT activity was detected in the 
brain, kidney, spleen, lung, heart, thymus, liver, or testis of 
any line. However, as the animals aged in line #4248. 
expression of PB-CAT increased in the ventral prostate up 
till the last time point checked (23 weeks), decreased in the 
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lateral lobe, showing little change in the dorsal lobe. The 
CAT activity in the prostate ranged over several logs 
between the lowest and highest expressing mouse lines, 
likely due to the site of transgene integration. This expres 
sion pattern has been passed over 4 generations. The high 
expressing male founded line #4248 showed a 70-fold 
increased prostatic CAT activity between 3 to 7 weeks of 
age, a time corresponding to sexual maturation. By 7 days 
after androgen removal (castration of mature males. line 
#4248), prostatic CAT activity declined (Table X) and could 
be induced by androgen replacement but not DEX(Table X). 
In subsequent studies, PB-CAT was coinjected with chicken 
lysozyme gene matric attachment region, MAR. (McKnight 
et al., 1992) and cointegration of the MAR and PB-CAT 
resulted in dorsolateral prostate-specific CAT expression in 
all three lines examined. With the addition of MAR, no 
ventral expression was detected in transgenic mice. 

This demonstrates the specificity and androgen regulation 
of the PB 5'-flanking sequences with the CAT reporter 
transgene in transgenic non-human eukaryotic animals. To 
enhance the androgen regulation, the ARE2*. repeats of 
-244/-96 PB. and/or ARE2 placed into repeats of -244/ 
–96 can be added to the -426/+28 PB promoter. To make the 
promoter responsive to metalions, such as Zn and Cd, a MT 
inducible elements, such as used in transgenic animals (Dyer 
et al., 1989; Iwamoto et al., 1992; Li et al., 1989; Russo et 
al., 1988; Mayo et al., 1988; Iwamoto et al., 1991) or to 
make it responsive to glucocorticoids, the GRE sequences. 
such as seen in the MMTV promoter (Stamp et al., 1992; Lin 
et al., 1992; Lucchini et al., 1992; Bouchard et al., 1989; 
Muller et al., 1988; Leder et al., 1986), can be added. The PB 
5'-flanking sequence can be used to target any gene to the 
prostate that may change prostatic function, growth, or cause 
tumor formation. The targeted genes include large T. TRPM 
2. bcl-2, mutated p53. myc, ras. bFGF, TGF-B1, activin, 
activin receptor, AR, RXR, c-fos, IGFs, IGFBPs. PSA, and 
int-2. Further, transgenic lines bearing different PB-targets 
genes can be crossed to develop new lines that show a 
different incidence or type of tumor development. In this 
manner, genes important for prostatic tumor growth can be 
identified. In addition. PB-targeted genes may work in 
combination with other endogenous genes or newly acti 
wated genes to induce tumor growth. The PB transgenic 
model permits identification of these genes. 
3) Cell culture models for prostatic disease. 
The transgenic mouse models developed will enable 

researchers to study and dissect the multistep process of 
tumorigenesis as it occurs in vivo. These investigations will 
yield relevant histological and pathological correlates with 
the known transgenic phenotype in the context of the whole 
animal. However, whole animal studies are not always 
adaptable to delineate the various interactions materials, 
such as hormones, growth factors, attachment factors and 
cytokines, which affect growth rate, differentiation, meta 
static potential and phenotypic expression. In order to 
address these parameters, a rapid in vitro model for assays 
can be established. Transgenic animal lines, produced with 
the PB targets genes which then show prostatic overgrowth 
or tumor formation, are used as a source of tissue to isolate 
cells for the establishment of replicative cell cultures (cell 
lines). Immortalized cells taken from transgenic animals 
have been successfully used to establish cell culture lines 
(Larue et al., 1993; Hammang et al., 1990; Martinez de la 
Escalera et al., 1992; Mellon et al., 1992; von Deimling et 
al., 1990; Windle et al., 1990; Dalemans et al., 1990; Galiana 
et al.. 1990; Vaux et al., 1988; Efrat et al., 1988; Anonymous, 
1991; Tal et al., 1992). 
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4) Treatment of human benign prostatic hyperplasia and 
human prostate cancer 
The treatment of human disease by gene therapy can be 

applied to human benign prostatic hyperplasia (hbPH), 
prostate cancer (CalP). and any disease state of the prostate 
by using the ability of probasin to target a toxin to prostatic 
cells. Our studies described in this patent demonstrate that 
PB directs expression to the transgenic animal prostate and 
PB directs expression in human prostatic cancer cell lines. 
Since transgenes coupled to the probasin promoter would be 
targeted for expression specifically to the prostatic cells. side 
effect of the therapy on other cell types would be limited. In 
CalP, stable integration of the PB-targeted transgene into 
patient chromosomal DNA would not be required since the 
goal is to kill the cancer cells. Therapy for hEBPH may be 
designed to kill the hyperplastic cells or to integrate the 
PB-targeted transgene to correct or reduce the hyperplastic 
growth. 

SUMMARY OF DISCLOSURE 
In summary of this disclosure, the present invention 

provides a novel DNA sequence which permits establish 
ment of an assay for androgenic and anti-androgenic 
materials, transgenic animals and gene therapy for treatment 
of the prostate. 

Features of the present invention described herein and 
provides hereby include the following: 

1. By transient transfected or stably integrated PB 
sequences coupled to a reporter gene, a bioassay for 
androgenic materials can performed in cell culture. The 
androgenic material is not limited to ligands for the 
androgen receptor but may include non-steroid path 
ways that result in androgen action, proteins. DNA and 
RNA sequences important for androgen action. 

2. The transfected cells of feature 1 can be used to 
bioassay any anti-androgenic material by competition 
studies with androgenic material. The anti-androgenic 
material includes receptor ligands, proteins, DNA and 
RNA sequences, materials the may alter the phospho 
rylation state, and alter the pathway of androgen action. 
The anti-androgen material may interfere in the andro 
gen action pathway by direct binding of the ligand to 
the steroid receptor, it may bind directly to the steroid 
receptor or PB DNA sequences thus interfering with 
receptor binding to DNA, RNA, and/or proteins, or it 
may affect modification of material in the pathway of 
androgen action. 

3. Androgenic and anti-androgenic materials can be 
assayed by determining their effect on the binding of 
androgen receptor to PB DNA sequences or to protein 
complexes bound with the androgen receptor to PB 
DNA sequences. 

4. In transgenic non-human eukaryotic animals. the PB 
sequences target genes to the male urogenital tract with 
the highest level of expression in prostatic cells. Gene 
(s) would be integrated into the chromosome of the 
animal by introduction at the embryonic stage. 

5. In non-human eukaryotic animals, the PB sequences 
can target genes to the male urogenital tract after 
injecting DNA via viral or non-viral methods resulting 
in the highest level of expression in prostatic cells. 

6. In animals of feature 4 or 5, the PB promoter regulates 
expression of gene(s). Transcription via the PB pro 
moter may be further regulated by the addition of 
enhancer. inducible, or repressor DNA elements. 

7. In animals of feature 4 or 5, genes targeted can induce 
prostatic disease including prostatitis, hyperplasia, ure 
thral obstruction, and prostate cancer to serve as mod 
els. 
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8. From animals of feature 7, cells can be isolated from 
prostatic tissue to establish cell lines. 

9. In animals of feature 4 or 5 or cell lines of feature 8, 
therapies may be tested to develop new drugs including 
new approached to gene therapy. 

10. The predisposition of animals of features 4 or 5 or cell 
lines of feature 8 for prostatic disease can be used to 
test materials that have protective value against the 
development or progression of prostatic disease. A 
lower incidence of prostatic tumor development would 
demonstrate a protective value of an agent. 

11. The predisposition of animals of feature 4 or 5 or cell 
lines of feature 8 to prostatic disease increases the 
sensitivity to measure materials for carcinogenicity. 
Transgenic animals lines or cell culture lines can be 
selected that have a low susceptibility of developing 
prostatic tumors and treated with a potential carcinogen 
over a range of doses. Further, lines which develop 
tumors rapidly would increase the sensitivity of the test 
to weak carcinogens. A carcinogen should show an 
increase in tumor development and or progression over 
controls. 

12. In animals (transgenic as well as non-transgenic), the 
PB sequences can be used as a model to develop 
methods for new gene therapies by the delivery of 
genes which express toxins or convert drugs into toxic 
Substances in normal prostatic, hyperplastic, and can 
cerous cells. 

13. In humans, the PB sequences can be used in gene 
therapy to target genes to the male urogenital tract, 
benign prostatic hyperplasia, and prostatic cancer. Tar 
geted genes can express toxins or converted drugs into 
toxic substances thereby inhibiting the growth or kill 
ing prostatic cells. 

Modifications are possible within the scope of this inven 
tion. 
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TABLE I 

Horinonal Induction of PBCAT 5 

Type of Steroid 
Cell Receptor CAT Activity 
type Cotransfected (dpm/minimg protein) 

O 

Used with PB-CAT -Steriod +Steroid Net 

Hea. Androgen 1.5 0.8 175 15.5 

Glucocorticoid 0.9 0.4 17 3 17.1 15 

Progestin' 95.26 686 0.0 

PC-3 Androgen 105 it 21 884 it 105 779 

Glucocorticoid 17 it 6 728 55 

Progestin" 29 it 10 1159 86 2O 

CAT activity is expressed as meant SEM for n > 3 
*Transfection with -286 PB-CAT rather than -426 PB-CAT 

25 

TABLE II 

Appearance of Footprint with AR (ng) 
on the Probasin Promoter 

3O 

PB Fragment (bp) ARE-1 ARE-2 

-286 to +28 60 ng 60 ng 
-426 to -134 200 ng ARE-2 absent 35 
-157 to +28 ARE-1 absent 100 ng 
-244 to -96 200 ng 200 ng 

Mut 1 (-286 to +28) suggestive" 200ng 
Mut 2 (-286 to +28) suggestive" 200 ng 

Mut 1 contains a mutation in ARE-1 that deceases DHT induced CAT 
bioactivity by >95% 
Mut 2 contains a mutation in ARE-2 that deceases DHT induced CAT 
bioactivity by >95% 
"Suggestive indicates that a weak footprint occurs at >400ng GSTAR2 but 
always lacks the complete "white out appearance seen in all other AR 45 
footprints. 

TABLE I 

Bioactivity and Specificity for AR Depends upon both 50 
AREs and adjacent DNA Sequences in the PB Fragment 

CAT Construct 
with either CAT Activity 
PB or TK (dpinning protein) 

55 
promoter -DHT --DHT Fold -DEX --DEX Fold 

-2441-28 PB-CAT 5.9 288 49 6.2 55.5 9 
-1587-28 PB-CAT 6.3 8.5 1.4 6.0 7.7 1.2 
(ARE-1) -1587+28 6.1 108 18 6.2 131 2 

PBCAT 60 
-244-265 4.8 5.4 1.1 7.4 10.2 3 
PBTKCAT 
-244-96 6.7 410 61 70 672 96 
PBTKCAT 

*PB denotes the fragment of probasin flanking DNA. 65 
(ARE-1) refers to the precise sequence placed adjacent to -158 PB-CAT. 
Fold refers to the increase when steroid is added. 

TABLE TV 

A Four Base Pair Change in ARE-2 Increases the 
Sensitivity for Altered Androgen Receptor Seen in AIS 

DNA Construct -286 PB-CAT -286 PB-ARE2CAT 

wild type haR 50 177 
W865L hAR 49 122 

W865M hAR 42 49 

CAT activity expressed as dipm/minimg protein. Background CAT activity 
without androgens is 4.2. Bioassay shown is induced levels with 10 nMDHT. 

TABLE V 

Repeats of a PB Fragment Containing both ARE-1 and ARE-2 
Luc Activity 

(-244 to -96)n PB Relative Light Units (RLU) 
adjacent x 10 per min/mg protein 

-8 TK-Luc -OHT DHT OM Fold 

n = 1 OO7 1.3 18 
n = 2 0.09 14.5 161 
n = 3 0.09 27.7 308 
n = 4 0.08 23.7 296 
n = 5 O.O.9 26.2 290 

*The -81. TK-Luc vector when tested as a control showed only a 1.8 increase 
with the addition of DHT. All repeats of PB are placed adjacent to each other 
in the same 5'-3' direction as wild type probasin. 

TABLE VI 

Repeats of the PBAREs Increase Sensitivity 
to Low Levels of Androgens 

Agent Tested (-244 to -96)n PB-81 TK-Luc 

Steroid Concentration n = 1 n = 2 n = 3 

R1881 1 M 11 230 245 
DEX 1 M 3 39 30 
R1881 0.1 nM 9 172 251 
DEX 0.1mM 1.1 6 18 
R1881 0.01 nM 2 15 24 
DEX 0.01 nM 0.8 .1 1.1 

"The steroids are R1881 a synthetic androgen and DEX a synthetic gluco 
corticoid. Data is expressed as fold change from baseline when steroid is 
added. 

TABLE WT 

Repeats of the PBAREs Increase Sensitivity 
to Defects in the AR as seen in AS 

DNA (-244 to 96 PB 81 TK-Luc 

Construct In a 1 n = 2 = 3 

wild type haR 13.6 256 832 
W865L haR 11.6 146 375 
W865Mhar 6 54 103 

Data is presented as fold increase of Luc activity from baseline with the 
addition of 10 nM DHT. 
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TABLE VII TABLE IX-continued 

Expressed CAT Activity in PB-CAT Trangenic Relative Concentration (PerCent) of Expressed mRNAs 
Mouse Line 4248 

5 in Warious Tissues 

TSSUE CATACTWTTY: 
ENDOGENOUSRAT TRANSGENC MOUSE 

Brain 0.08 TSSUE PROBASN PBCAT 
Kidney OO 
Spleen 0.09 Heart ND ND 
L OO7 1O ung Liver ND ND 
Heart OO9 

Thymus 0.15 
Liver 0.12 ND = Not Detected 

Testis O.13 
Seminal Wesicle 1.01 
Lateral Prostate 37.69 15 TABLE X 

Dorsal Prostate 2.32 Hormonal Regulation of PB-CAT Expression 
NE. in Transgenic Mice: Line 4243 

- - - - m LATERAL DORSAL WENTRAL 

*CAT activity is expressed as conversion of substrate in pmol/hrimg protein. 2O TREATMENT PROSTATE PROSATE PROSTATE 

intact: 10,212 it 4.897 2,539 it 812 7,905 it 1,971 
8 weeks old 

TABLE X intact: 12,083 it 3,168 2,346 it 630 1 1,787 it 1,782 
9 weeks old 

Relative Concentration (PerCent) of Expressed mRNAs 25 Castrated 529 SOO 374 it 91 28 173 
in Warious Tissues for 7 Days 

Castrated 1,364 it 606 224 it 261 2,061 it 533 
ENDOGENOUSRAT TRANSGENC MOUSE for 10 Days 

TSSUE PROBASN PB-CAT Castrated for 8,289 + 1,855 1,222 it 569 7,553 - 4075 
7 Days + Test 

Lateral Prostate OO 1OO for 3 Days 
Dorsal Prostate 33 6 Castrated for 1,646 it 832 8 : 66 1435 it 228 
Wentral Prostate 4. 22 7 Days + DEX 
Anterior Prostate 14 0.6 for 3 Days 
Seminal Vesicle 2 2.7 

Tests ND-k ND CAT activity is expressed as dipm/minimg protein it standard error. Test = 
Brail ND ND testosterone; DEX is dexamethasone 

( 1) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 9 

( 2 ENFORMATION FOR SEQID No: 1: 

SEQUENCELESTING 

( i ) SEQUENCE CHARACTERISTICs: 
( A LENGH: 556 base pairs 
( B. ) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
( D TOPOLOGY: linear 

( i i MOLECULE TYPE: DNA (genomic) 

( i x FEATURE: 
( 
(B LOCATION: 467.547 
A ) NAME/KEY: CDS 

x i SEQUENCE DESCRIPTION: SEQID No: 1: 

AAG CTTC CAC 

AA T G GC GT C 

C T G AT T G CAG 

ATA T GATA: C 

AAA T G C C 

CAAC CTA TTT 

AA C CATT 

AAAA CT GAT 

GAA GAAA 

ATCT T G T T. CT 

AAGAA T G GA 

GT ATA CT AGA 

A C C T C C CA 

CAAAAA T GAC 

TAT CA CA 

A G CTT TTT 

(ACA T G 

T GACA CAA T G. 

TAT CT GA 

CAA CTA T 

GT TAAA CAT 

C AAT AG G 

G CAT G. C. CA 

T CAA T G T C 

T GAA. T C CACA 

A TT CA CAC 

CA C CAT C C 

A CAAAA C C C 

GCCA GAA 

T G TA CAA CT 

C CA. G. C. c. 

CAA CAT CA 

A GT TAAGAAA 

CA CAAATAAA 

A GA CTCCAA 

C CAA C C GA 

6 

8 

4 O 

3 O O 

3 50 
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T G CAAG ACA C T G C C CAT GCC AAT CA. T C C T G AAA A G C A G CT 

C T G CAC CT T G T CA GT GAG GT CCA GATAC CT ACA GAG CT CA 

A T C C C C T C C T G C T C A CA CT G. 
I le Le u L. eu Le u L. eu Th r Le u 

5 O 

ACA GAC AAG AAT C T C AAA AA G 
Th r A s p Lys As in Le u Lys Lys 
2 0. 25 

( 2) INFORMATION FOR SEQID NO: 2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A LENGTH: 27 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

{ i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQID NO: 2: 

Me t Arg Wa I e Le u Le u L. eu 
1. 5 

S er Me t M et Th r A s p Lys As a 
2 O 

(2) INFORMATION FOR SEQID NO:3: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 basic pairs 
(B) TYPE: mucleic acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i y MOLECULETYPE: DNA (genomic) 

( x i y SEQUENCE DESCRIPTION: SEQID NO:3: 

TA. C. 

( 2) INFORMATION FOR SEQID No.: 4: 

( i ). SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i y MOECULETYPE: DNA (genomic) 

( x i ). SEQUENCE DESCRIPTION: SEQID NO: 4: 

GT CT 

2 INFORMATION FOR SEQID No. 5: 

( i SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 base pairs 
(B) TYPE: nucleic acid 
(C)STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i y MOLECULETYPE: DNA (genomic) 

x i ) SEQUENCE DESCRIPTION: SEQID NO: 5: 

(CAAT 

( 2 INFORMATION FOR SEQID NO: 6: 

GA T G T G C A G G 
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-continued 

( i ) SEQUENCE CHARACTERISTICS: 
( A LENGTH: 5 base pairs 
(B) TYPE: nucleic acid 
(C)SRANDEDNESS: single 
(D) TOPOLOGY: linear 

{ i i ) MOLECULE TYPE: DNA (genomic) 

( x i SEQUENCE DESCRIPTION: SEQID No: 6: 

TATAA 

2 INFORMATION FOR SEQID NO; 7: 

( i ). SEQUENCE CHARACTERISTICS: 
( A LENGTH: 19 base pairs 
(B) TYPE: nucleic acid 
( C STRANDEDNESS: single 
( D TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 7; 

ATA G CA CT G T CTIA GT 

( 2) INFORMATION FOR SEQID No: 8: 

( ; ) SEQUENCE CHARACTERISTICs: 
(A) LENGTH: 24 base pairs 
B TYPE: nucleic acid 

( C ), STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA genomic) 

( x i SEQUENCE DESCRIPTION: SEQID No: 8: 

GT AAA GT C C C A A GAA. C. CT ATTT 

( 2 INFORMATION FOR SEQED NO:9; 

( i ). SEQUENCE CHARACTERISTICS: 
( A LENGTH: 5 base pairs 
( B, ) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
( D TOPOLOGY: linear 

( x i SEQUENCE DESCRIPTION: SEQ D No.9: 

GTT CT 

9 

4 

I claim: 
1. An isolated DNA molecule comprising the 5'-flanking 

region of the rat probasin gene which contains at least one 
androgen responsive element, said 5'-flanking region being 
contained within the DNA sequence shown in FIG. 1 (SEQ 
ID NO:1) and being effective to direct prostate-specific 
expression of a heterologous gene in a prostate-bearing 
animal under androgen regulation. 

2. An isolated DNA molecule comprising the sequence 
from -426 to +28 bp of the DNA sequence shown in FIG. 
1 (1-454 bp of SEQ ID NO: 1) and effective to direct 
prostate-specific expression of a heterologous gene to the 
prostate. 

3. An isolated DNA molecule comprising the sequence 
from -426 to +1 bp of the DNA sequence shown in FIG. 1 
(1-428 bp of SEQ ID NO: 1) effective to direct prostate 
specific expression of a heterologous gene to the prostate. 

4. An isolated DNA molecule comprising a 5'-flanking 
region of the rat probasin gene and which contains two 

5 

55 

SO 
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androgen responsive elements, said 5'-flanking region being 
contained within the DNA sequence shown in FIG. 1 (SEQ 
ID NO: 1) and being effective to direct prostate-specific 
expression of a heterologous gene in a prostate-bearing 
animal under androgen regulation. 

5. The DNA molecule of claim 4 wherein both said 
androgen responsive elements contain the conserved 
sequence 5'-GTTCT (SEQ ID NO: 9). 

6. The DNA molecule of claim 1 wherein said at least one 
androgen responsive element has the sequence ATAG 
CATCTTGTTCTTAGT (ARE1) (SEQID NO: 7). 

7. The DNA molecule of claim 1 wherein said at least one 
androgen responsive element has the sequence GTAAAG 
TACTCCAAGAACCTATTT (ARE2) (SEQID NO: 8). 

8. An isolated DNA molecule comprising a 5'-flanking 
region of the rat probasin gene and containing at least one 
androgen responsive element and comprising the DNA 
sequence of FIG. 1 (SEQID NO: 1), wherein the probasin 
promoter region (-95 to +28 bp as shown in FIG. 1, or 
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332-454 bp according to Seq. Id. No.1) is replaced by a TK 
promoter and effective to direct expression of a heterologous 
gene to isolated cells. 

9. An isolated DNA molecule comprising a repeated 
(-244 to -96 bp as shown in FIG. 1. or 182-331 bp 
according to Seq. Id. No. 1) region of a 5'-flanking region of 
the rat probasin gene having the DNA sequence of FIG. 1 
(SEQ ID NO: 1) linked to a TK promoter and effective to 
direct expression of a heterologous gene to isolated cells. 

10. An isolated DNA molecule comprising at least one 
androgen responsive element of the 5'-flanking region of the 
rat probasin gene and contained within the DNA sequence 
shown in FIG. 1 (SEQ ID NO: 1) and effective to direct 
prostate-specific expression of a heterologous gene. 

11. The DNA molecule of claim 10 wherein said DNA 
molecule comprises nucleotides -241 to -223 (ARE1) of the 
DNA sequence as seen in FIG. 1 (nucleotides 185-203 of 
SEQ ID NO: 1). 

12. The DNA molecule of claim 10 wherein said DNA 
molecule comprises nucleotides -140 to -117 (ARE2) of the 
DNA sequence as seen in FIG. 1 (nucleotides 286-309 of 
SEQ ID NO:1). 

13. An isolated DNA molecule comprising at least one 
androgen responsive element of the rat probasin gene and 
contained within the DNA sequence of FIG. 1 (SEQID NO: 
1), said DNA molecule comprising nucleotides -140 to -117 
(ARE2) as seen in FIG. 1 (nucleotides 286-309 of SEQID 
NO: 1) in which nucleotides -130 to -127 (nucleotides 
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296–299 of SEQ ID NO: 1) are replaced by nucleotides 
TACT (SEQ ID NO: 3) or GTCT (SEQ ID NO: 4) and 
having increased androgen activity, said DNA molecule 
being effective to direct expression of a heterologous gene to 
isolated cells. 

14. An isolated DNA molecule consisting essentially of an 
androgen responsive fragment of the sequence of claim 2 or 
3 and effective to direct expression of a heterologous gene 
to isolated cells. 

15. The DNA molecule of claim 4 wherein one androgen 
responsive element has the sequence ATAGCATCTTGT. 
TCTTAGT (ARE1) (SEQID NO: 7) and the other androgen 
responsive element has the sequence GTAAAGTACTC 
CAAGAACCTATTT (ARE2) (SEQ ID NO: 8). 

16. An isolated DNA molecule comprising at least one 
androgen responsive element of the 5'-flanking region of the 
rat probasin gene and contained within the DNA sequence 
shown in FIG. 1 (SEQ ID No.: 1) which directs prostate 
specific expression of a heterologous gene in a prostate 
bearing animal under androgen regulation. 

17. The DNA molecule of claim 10 wherein said DNA 
molecule comprises nucleotides -241 to -223 (ARE1) of the 
DNA sequence as seen in FIG. 1 (nucleotides 185-203 SEQ 
ID No.: 1) and nucleotides -140 to -117 (ARE2) of the DNA 
sequence as seen in FIG. 1 (nucleotides 286-309 SEQID 
No.: 1). 


